Abstract -Objective: To determine the correlations between excessive daytime sleepiness (EDS), assessed by the Epworth sleepiness scale (ESS), and the multiple sleep latency test (MSLT) and nocturnal sleep architecture features, clinical symptoms of narcolepsy (CSN) and subjective sleep quality (SSQ) in patients with narcolepsy. Method: Twenty three untreated patients were studied and compared with a matched control group. Diagnosis of narcolepsy was carried out employing a clinical interview, a polysomnographic (PSG) record, and an MSLT. Results: Subjective number of awakenings was the SSQ indicator that best correlated with EDS (ESS and MSLT). Regarding clinical features, diurnal tiredness and sleep paralysis correlated with ESS values. Increase in ESS was related with decrease in total sleep time, SWS, and sleep onset latency. On the other hand, increase in MSLT was related with decrease in SWS. Conclusion: These data suggest that EDS in patients with narcolepsy could be impaired by disturbed nocturnal sleep.
Narcolepsy is a sleep disorder first described as a condition characterized by excessive daytime sleepiness (EDS), sleep attacks, and episodes of muscle weakness triggered by strong emotions. More recently, narcolepsy has been characterized by the presence of EDS, cataplexic episodes, and rapid eye movement (REM) sleep-related abnormalities 1 . The most recent International Classification of Sleep Disorders (ICSD) describes several subtypes Nocturnal sleep: excessive diurnal sleepiness and narcolepsy Jiménez-Correa et al.
of narcolepsy according to their clinical features, and the possible presence or absence of cataplexy has been recognized. Nevertheless, EDS remains a common element in all narcolepsy subtypes 2 . EDS is usually the most disabling symptom and the first to occur. It is characterized by repeated episodes of naps or lapses of sleep during daytime 2 . In contrast to physiologic sleepiness (e.g., after sleep deprivation), EDS in narcolepsy is frequently constant, severe, and only transiently and partially improved with sleep. Naps in patients with narcolepsy are usually of short duration, typically lasting between 10 and 20 min and< 1 h. Patients wake up feeling refreshed, but within 2-3 h they begin to feel sleepy again 3 . Moreover, untreated individuals with narcolepsy cannot stay awake for 16 consecutive hours, and events that normally occurs during REM sleep occurs during the waking period 4 . The sleep architecture (SA) of subjects with narcolepsy has been characterized by the following: (1) REM episodes at sleep onset; (2) long periods of wakefulness after sleep onset and, correspondingly, poor sleep efficiency, and (3) normal amounts of REM sleep 5 . Disturbed sleep is a significant feature in narcolepsy 6 . Nocturnal sleep disruption can be found in approximately 50% of patients with narcolepsy; most typically, the sleep maintenance insomnia symptom, an increase in the amount of sleep stage 1, and awakenings are observed. It is frequently a very disabling symptom that may exacerbate all other symptoms 2, 7 . Once sleep is initiated, a high number of sleep-stage transitions, short bouts of wakefulness, and/ or sustained wake periods occur within the sleep period 8 . These changes occur mainly in the second non-rapid eye movement (NREM) sleep episode leading to an impaired build-up of slow wave activity, suggesting an insufficient NREM period intensity in narcolepsy 9 . There is no consensus concerning the relationship between EDS and SA in narcolepsy. Chervin, Kraemer, and Guilleminault 10 concluded that mean sleep latency in the multiple sleep latency test (MSLT) in a clinical population does not correlate with a number of variables expected to influence sleepiness. Broughton et al. 11 did not find significant correlation between EDS and nocturnal sleep. They concluded that diurnal sleep (involuntary naps) in narcolepsy is based upon a different mechanism, perhaps a diurnal "sub-vigilance syndrome," or an impaired arousal mechanism. However, Browman et al. 12 found that measures of nocturnal REM sleep for subjects with narcolepsy correlated with sleep latency in the MSLT. In particular, REM latency at night was highly predictive of the magnitude of hypersomnia for patients with narcolepsy. Harsh et al. 6 reported that abnormal sleep structure and sleep fragmentation are related with the EDS of patients with narcolepsy.
In this study, we analyzed the correlation between clinical symptoms of narcolepsy (CSN), subjective sleep quality (SSQ), and SA and EDS severity utilizing ESS and MSLT instruments in untreated patients with narcolepsy without co-morbid sleep disorders. 17, 18 were performed on each patient.
METHOD
Patients with narcolepsy exhibiting PSG evidence of a concurrent EDS-inducing disorder such as primary snoring, sleep breathing disorders, or periodic leg movements during sleep were not included in the study (six patients were excluded from statistical analysis). In addition, patients with any other medical condition that may cause nocturnal sleep disruption, EDS, and those with a smoking, alcohol, or psychiatric medication history were also excluded.
PSG was performed from 23:00 p.m. Student t test for independent groups were performed to compare SA between narcolepsy and control groups. Spearman correlation tests were conducted to determine the relationship between SSQ and the total score of ESS or MSLT.
To determine the relationship between CSN (negative/positive) and ESS or MSLT (negative/positive), Pearson chi square test were also performed. An ESS score >10 and an MSLT determination of<8 min were considered abnormal or positive 2, 19 . Fi-nally, the relationship between ESS or MSLT and SA were calculated with Spearman correlation tests. Statistical analysis was carried out with SPSS v. 10.0 software (Chicago, IL, USA). Protocol was approved by the hospital ethics committee and all participants signed an informed consent form. 14 , we found a significant negative correlation between ESS and sleep latency in MSLT (rho, -0.410; p<0.041); however, the correlation between ESS and REM latency in MSLT was not significant (rho, -0.343; p<0.075). Table 1 summarizes SA-associated data. Compared with control subjects, patients with narcolepsy exhibited a significant increase in light sleep percentage (sleep stages 1 and 2), number of arousals and awakenings, and ESS, as well as shortening in sleep onset latency and REM sleep latency. A significant decrease was observed in the percentage of Slow-wave sleep (SWS) and REM sleep. We found no significant differences in total sleep time, wakefulness percentage, and sleep efficiency index.
RESULTS

Patients
Regarding subjective sleep quality, we found a positive correlation between subjective number of awakenings and total score in ESS (rho, 0.637; p<0.002), as well as a negative correlation between subjective number of awakenings and MSLT (rho, -0.391, p<0.049). We found no significant correlation between subjective sleep latency and subjective sleep time and ESS or MSLT ( Table 2) ESS and cataplexy or hypnagogic hallucinations. In addition, no significant correlation was found between MSLT and diurnal tiredness, cataplexy, sleep paralysis, or hypnagogic hallucinations (Table 3) . Table 4 presents the correlation between SA and EDS (ESS and MSLT). Wakefulness percentage and number of nocturnal awakenings showed a significant positive correlation with ESS, while total sleep time (TST), sleep efficiency (SE), percentage of sleep stage 4, SWS, and sleep onset latency exhibited a negative correlation with ESS. Percentage of light sleep, REM sleep, REM sleep latency and number of arousals showed no significantly correlation with ESS.
Regarding objective EDS, we found that sleep stage 2 (min) and light sleep (min) demonstrated a significant positive correlation with MSLT, whereas the percentage of sleep stage 3 and SWS were negatively correlated with MSLT. We found no significant correlation between percentage of sleep stages (1, 2, 4, and REM), as well as latencies to sleep onset and REM sleep with MSLT.
DISCUSSION
The impact of nocturnal sleep on EDS level in narcolepsy has been a matter of controversy. The present results support previously reported findings concerning a clear disturbance of the nocturnal sleep pattern in patients with narcolepsy 5, 7, 11 . It is possible that the increased number of arousals and awakenings comprised the main causes of changes in light sleep, slow wave sleep, and REM sleep in narcolepsy, also including sleep onset latency and REM sleep latency. There is solid evidence supporting the hypothesis that the increase in nocturnal SWS is important in EDS control in narcolepsy. For instance, nightly administration of sodium oxybate to patients with narcolepsy resulted in three major effects as follows: (1) initial induction and prolongation of REM sleep followed by subsequent reduction of this sleep state; (2) increase in SWS, and (3) improvement in daytime alertness despite the lack of a sodium-oxybate effect on total nocturnal sleep time. These results suggest that the observed improvement in narcoleptic symptoms, mainly EDS, is correlated with SA normalization 20 . If in narcolepsy SA resembles a sleep deprivation pattern and if sleep homeostasis is conserved, EDS could be, at least in part, a consequence of a chronic sleep deprivation in narcolepsy.
Although there is wide consensus with respect to important SA disturbances in narcolepsy; there is a lack of scientific interest concerning SSQ in this sleep disorder. According to our data, subjective number of awakenings was best correlated SSQ parameter with EDS (subjective and objective). These data suggest that SSQ could be an essential issue in clinical evaluation of narcolepsy. To our knowledge, the present results are the first in which the relationship between SSQ and EDS in narcolepsy has been studied.
According to CSN, ESS scores showed significant correlation with diurnal tiredness and sleep paralysis. However, we found no significant correlation between CSN and MSLT. It is possible that subjective awakenings and sleep paralysis are symptoms that present together, and they could disrupt sleep continuity; thus, they may be potential worsening factors of diurnal tiredness and mainly subjective EDS. Further research is required to clarify this particular subject.
Concerning the relation between SA and EDS, our results are similar to those in previous reports 6 , indicating that EDS severity is related with nocturnal sleep-disturbance severity in patients with narcolepsy. We found moderate correlations suggesting that increase of subjective sleepiness is related with an expected rise in nocturnal wake time and number of awakenings, and a decrease in total sleep time, sleep efficiency, and SWS, as well as in sleep onset latency. Also, we found that an increase in MSLT was related with an increase in sleep stage 2, light sleep and a decrease in SWS. This infers that ESS/MSLT could be a good indirect indicator of the degree of SA disturbance in narcolepsy. Perhaps an increase in nocturnal sleep quality (subjective and objective) decreases EDS.
Slow-wave activity has been studied in narcolepsy mainly to test the presence (or absence) of homeostatic regulation. For instance, an increase in SWS in patients with narcolepsy after sleep-deprivation periods (between 16 and 24 h) supports the homeostatic regulation theory of NREM sleep intensity 5 . Volk et al. 21 reported an increase in nocturnal SWS after daytime sleep deprivation in patients with narcolepsy and concluded that homeostatic regulation of sleep also operates in patients with narcolepsy. Coincidently, an increase in SWS was significantly correlated with a decrease in ESS. This might indicate that a decrease in SWS exerts a greater impact on subjective EDS and that, according to previous research, homeostatic regulation in narcolepsy is present.
We present herein objective and subjective evidence to support the hypothesis that EDS severity is related with nocturnal sleep disturbance. It may be possible that the sleep-architecture alteration level is a narcolepsy severity indicator, and that therefore, it is possible that improvement of nocturnal sleep will ameliorate EDS in patients with narcolepsy This possibility deserves further study to obtain a better understanding of narcolepsy.
Limitations
To strengthen statistical analysis, it is important to increase the number of subjects. However, due to the low prevalence of narcolepsy and the exclusion of patients with narcolepsy with snoring, sleep apnea, periodic limb movements, or pharmacological treatment, this will be difficult. In another regard, we have no data on human leukocyte antigen (HLA) typing of our narcolepsy sample. Although HLA (DQB1*0602 and DR2 or DRB1*1501 subtypes) is not diagnostic for narcolepsy (ICSD-II, 2005) it could be important to determine whether there is any possible relationship between EDS severity (ESS/MSLT) and HLA subtype in narcolepsy.
In conclusion, sleep architecture in narcolepsy is characterized by an increase in light sleep, number of arousals, and awakenings, and a decrease in SWS, REM sleep, sleep latency, and mainly REM sleep latency. The subjective number of awakenings was the SSQ indicator that best correlated with EDS (subjective and objective). Regarding CSN, positive diurnal tiredness and sleep paralysis were correlated with positive ESS, but any symptoms of narcolepsy were correlated with MSLT. An increase in ESS was correlated with a diminution in total sleep time, sleep efficiency, SWS, and sleep onset latency, and an increase in nocturnal wakefulness. In addition, an increase in MSLT correlated with a decrease in SWS and an increase in light sleep. 
